Introduction: Severe high-output cardiac failure is a serious complication of high-flow vascular access requiring immediate intervention. Ischemic hepatitis is defined as a massive increase in serum transaminase levels due to an imbalance between hepatic oxygen supply and demand in the absence of other acute causes of liver damage. It is typically preceded by hypotension, hypoxemia, or both, and occurs mostly in elderly patients with right-sided congestive heart failure. Case presentation: We report a fatal case of acute liver failure in an 84-year-old Caucasian man with high-output cardiac failure due to arteriovenous hemodialysis access. The chronological sequence of acute liver failure in the context of vascular access created two days before suggests that ischemic hepatitis was the result of high-output cardiac failure due to vascular access. Conclusions: A thorough cardiac assessment should be performed in patients with severe cardiac disease prior to placing an arteriovenous access, and arteriovenous fistula should be the preferred vascular access.
Introduction
The chronic kidney disease (CKD) population generally has multiple risk factors and a high prevalence of cardiovascular disease. Thus, it is easy to overlook the contribution of a high-access flow to symptoms of heart failure in favor of many other possible risk factors. Severe high-output cardiac failure is a rare, but potentially fatal, complication of high-flow vascular access requiring immediate intervention [1, 2] . It is much more common with prosthetic grafts than with native arteriovenous fistulas (AVF) [3] .
Ischemic hepatitis is an infrequent presentation, usually associated with hypotension, especially in a presence of right-sided heart failure [4] . This case, to the best of our knowledge, is the first reported fatal case of acute liver failure in a patient with high-output cardiac failure due to arteriovenous hemodialysis access.
Case presentation
An 84-year-old Caucasian man with a history of hypertension, cardiovascular disease and diabetic nephropathy was admitted with progressive dyspnea, abdominal distention, and pedal edema for one week. Serum K was 6.9 mmol/L, creatinine 300 μmol/L and blood urea nitrogen (BUN) 22 mmol/L. His baseline serum creatinine was 265 μmol/L. His hemoglobin was 98 g/L; international normalized ratio (INR), 1.5; partial thromboplastin time (PTT) 34.0, and liver function tests were normal. A chest radiograph showed pulmonary congestion. Our patient was treated with intravenous furosemide resulting in improvement of congestion and ascites. He remained normotensive throughout the admission and his serum creatinine decreased to 221 μmol/L. He was referred to a vascular surgeon for creation of a permanent vascular access for hemodialysis. Unfavorable vascular anatomy precluded AVF creation, and a right upper arm polytetrafluoroethylene (PTFE) graft was inserted between the brachial artery and the proximal brachial vein. After placement, no complications were noted and our patient had a palpable thrill. He was discharged home the following day. 24 hours later our patient presented with complaints of decreased urine output. Examination showed blood pressure 75/45 mmHg, clear lungs, ascites and no peripheral edema. His right arm arteriovenous graft had no palpable thrill. Serum creatinine was 326 μmol/L and BUN 27 mmol/L. Hemoglobin was 10 g/L; INR, 2.0; prothrombin time (PT), 27.5 s; PTT, 36.5 s; total bilirubin, 27.3 μmol/L; AST, 123 unit per liter (U/L); alanine aminotransferase (ALT), 88 U/L; alkaline phosphatase (ALP), 121 U/L; lactate dehydrogenase (LDH), 704 U/L. Chest radiograph was normal and electrocardiogram (EKG) showed paced rhythm without ischemic changes. Abdominal ultrasound revealed ascites, normal gallbladder with intra-hepatic and common bile ducts of normal caliber. Intravenous dopamine, fluids and antibiotics were started and our patient was admitted to the intensive care unit (ICU). On day two he remained severely oliguric and hemodialysis was started via internal jugular catheter. On day three he developed respiratory distress with fever and was intubated. Chest radiograph showed right lower lobe infiltrate. Trans-thoracic echocardiogram showed dilated left atrium, infero-septal hypokinesia, left ventricular (LV) hypertrophy, moderately reduced LV function with ejection fraction of 40% and severe tricuspid regurgitation. His blood cultures were negative. Our patient's liver function continued to decline with total bilirubin rising to 100.9 μmol/L; direct bilirubin, 92.3 μmol/L; AST, 445 U/L; ALT, 398 U/L; LDH, 1033 U/L; PT, 31.8 s; PTT, 43 s on the sixth hospital day. Our patient's condition deteriorated and he died on the seventh hospital day.
Discussion
Ischemic hepatitis is defined as a massive increase in serum transaminase levels due to an imbalance between hepatic oxygen supply and demand in the absence of other acute causes of liver damage. It is typically preceded by hypotension, hypoxemia, or both, and occurs mostly in elderly patients with right-sided congestive heart failure [4, 5] . The chronological sequence of acute liver failure in the context of vascular access created two days before suggest that ischemic hepatitis was the result of high-output cardiac failure due to vascular access. High-output cardiac failure is defined as symptoms of cardiac failure in the presence of an above-normal cardiac index (≥ 3.0 L/min/m 2 ) [1] . Arteriovenous access creation results in a decreased peripheral resistance and thus increased cardiac output; the higher flow accesses have a more profound impact on the cardiac output [1, 2] . This complication is more common in patients with brachiocephalic (elbow) fistulas compared with radiocephalic (forearm) fistulas, and much more common with prosthetic grafts than with native AVF [3] . Elderly patients and those with pre-existing cardiovascular disease are at high risk of developing highoutput cardiac failure due to vascular access [3] .
Conclusions
A thorough cardiac assessment should be performed in patients with severe cardiac disease prior to placing an arteriovenous access, and AVF should be the preferred vascular access. We suggest that patients with intractable or worsening chronic heart failure despite medical therapy should undergo evaluation for high-output cardiac failure and may be considered for vascular access flow reduction or closure.
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